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Sir/Madam: 

I, Barry J. Maurer, MD, PhD, do hereby declare and say as follows: 

1 . I received my PhD from California Institute of Technology. I received my 
medical degree from Wayne State University. I completed an internship at Children's 
Hospital of Michigan and a residency at LAC/USC Pediatric Pavillion in Los Angeles, CA. 
I also completed a clinical fellowship in pediatric oncology at Fred Hutchison Cancer 
Research Center and a research fellowship at Childrens Hospital Los Angeles Research 
Institute. I am further certified by the American Board of Pediatrics in 
hematology/oncology. I am currently an Associate Professor of Cell Biology, Pediatrics, 
and Internal Medicine at Texas Tech University Health Sciences Center in Lubbock, TX. 
A curriculum vitae is attached herewith at Appendix 1 . 

2. I am a co-inventor listed on U.S. Patent Application Serial No. 1 0/767,352 
(hereinafter, "the '352 application"). I have reviewed the Office Action dated April 15, 
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2006 issued in association with the '352 application, and I am familiar with the contents 
thereof. I have also reviewed U.S. Patent No. 6,352,844 to Maurer et al. (of which I am a 
co-inventor); U.S. Patent No. 4,874,795 to Yesair; U.S. Patent No. 5,972,91 1 to Yesair; 
and U.S. Patent No. 4,665,098 to Gibbs, all of which are cited in the Office Action. 

3 . My efforts are dedicated to development of new drugs for use against 
childhood cancers. In particular, neuroblastoma, a type of cancer that affects the nervous 
system, typically occurs in children under 10 years of age. The previous (and largely 
ineffective) daily dosage of fenretinide, a synthetic vitamin A derivative, to treat this disease 

60 to 70 hard, oversized capsules. My colleagues and I knew we had to develop 
thing better. Being pediatricians, we know that getting kids to take medicine is a 
hallenge. We have now shown that fenretinide can not only be provided in a more palatable 
and more convenient way for patients, it can finally be absorbed into the blood at levels capable of 
shrinking tumors. 

4. Regarding U.S. Patent Nos. 4,874,795 and 5,972,91 1 to Yesair, Dr. David 
Yesair invented the LYM-X-Sorb (LXS) lipid matrix to increase the oral absorption of 
water insoluble drugs. The LXS matrix composition that increased the oral absorption of 
fenretinide (4-HPR) while maintaining ease of manufacture was a 1:4:2 ratio of the 
constituent Lysophosphatidylcholine (LPC): Monoglycerides (MG): Free Fatty Acids 
(FA). See selected product information at Appendix 2. However, the 1 :4:2 LXS matrix is 
a solid, bitter-tasting wax at room temperature {See figure at Appendix 3) rendering 
clinical patient compliance in the ingestion of fenretinide/LXS matrix wax quite difficult. 

Cystic fibrosis patients generally have dysfunction of their pancreas, which leads 
to malabsorption of fats (lipids) and fat-soluble vitamins (A, D, E and K). The LXS wax 
(1:4:2 ratio) was pressed into a wafer and delivered to cystic fibrosis patients as a lipid 
nutritional supplement. See article at Appendix 4. However, the bitter taste of the LXS 
matrix decreased its clinical acceptance and medical compliance among the patients. 
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Accordingly, we worked with Dr. Yesair, and Avanti Polar Lipids, a manufacturer 
of LYM-X-Sorb, to create an oral powder composition containing fenretinide in the LXS 
wax matrix that would taste better, and also mix with liquids and foods, with the intent of 
increasing both the ease of administration and patient compliance. This was finally 
achieved by melting the LXS wax and mixing it with sugar and flour under closely 
controlled blending conditions. See photograph of fenretinide/LXS Oral Powder at 
Appendix 5. This composition was awarded the Eurand Award as Best New Oral Drug 
Formulation of 2004 by the international Controlled Release Society. See announcement 
at Appendix 6. Additionally, this new formulation was one of three semi-finalists and 
eventually won the Grand Prize at the 2004 Controlled Release Society Annual Meeting. 

5. Regarding U.S. Patent No. 4,665,098 to Gibbs et al., Gibbs previously 
formulated fenretinide crystalline powder in a corn oil-containing capsule. This 
formulation was intended for delivering fenretinide for use as a chemoprevention drug in 
breast cancer. While the Gibbs composition increased fenretinide oral absorption 
compared to plain fenretinide crystalline powder alone, absorption was still poor. The 
daily intake of several capsules obtained only 1 - 3 micromolar blood plasma levels. 
Many capsules (up to 40 capsules per meter-squared of body surface area (BSA); adult = 
1.7 m 2 BSA) were needed to obtain 7-10 micromolar plasma levels (See Garaventa, et al., 
"Phase I Trial and Pharmacokinetics of Fenretinide in Children with Neuroblastoma."Clin 
Cancer Res, 9: 2032-2039, (2003)). Ultimately, clinical responses using this formulation 
were limited (See, for example, Veronesi, et al, "Randomized Trial of Fenretinide to 
Prevent Second Breast Malignancy in Women With Early Breast Cancer." J Natl Cancer 
Inst, 91:1847-1856, (1999)), likely due to the low drug levels obtained in the blood, and 
the formulation was abandoned. 

We tested fenretinide/LXS oral powder in mice. We found that fenretinide/LXS 
oral powder obtained much higher plasma and tissue levels than did the Gibbs formulation 
at equivalent doses. Further, the sugar-flour powder composition obtained higher drug 
levels in plasma and brain than did fenretinide in an LXS matrix that had not been so 
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powderized (for example, the non-powderized Yesair formulation). See Maurer, et al., 
"Improved oral delivery of N-(4-hydroxyphenyi)retinamide with a novel LYM-X-SORB 
organized lipid complex." Clin Cancer Res, 13(10):3079-3086, (2007), Figures 1, 2 and 3 
comparing fenretinide/LXS oral powder to Gibbs/NCI capsule levels at 120 mg and 250 
mg/kg/day or comparing fenretinide/LXS oral powder to fenretinide/LXS matrix at 120 
mg/kg/day as shown at Appendix 7. 

We then performed a Phase I clinical trial (a dose-tolerance finding study) in 
pediatric neuroblastoma in 32 patients (NANT 2004-04, NCI-funded, New Approaches to 
Neuroblastoma Therapy (NANT) Consortium, B. Maurer, Chair). We found that 
fenretinide/LXS oral powder had high patient compliance with taking the drug and 
obtained higher plasma drug levels than previously obtained using the Gibbs capsule 
formulation at equivalent doses. See data presented at Appendix 8. Further, above doses 
of 774 mg/m 2 /day, 4 of 1 8 patients achieved Complete Responses in their tumors (no 
evidence of tumor), 2 patients of which are still tumor-free at +1 8 months. See Abstract 
titled "Phase I Study of fenretinide (4-HPR)/Lym-X-Sorb (LXS) oral powder in patients 
with recurrent or resistant neuroblastoma. A New Approaches to Neuroblastoma Therapy 
(NANT) consortium trial. Abstract #09-AB-31877-ASCOAM, Am Society Clin Oncology 
(2009) at Appendix 9. Previous studies with the Gibbs capsules produced only one such 
response in 54 patients. See Villablanca et al., "Phase I trial of oral fenretinide in children 
with high-risk solid tumors: a report from the Children's Oncology Group (CCG 09709)." 
J. Clin. Oncol. 24:3423-3430 (2006). These results demonstrate the clear superiority of 
fenretinide/LXS oral powder over previous oral fenretinide formulations, including the 
Gibbs formulation. 

6. In summary, the formulation described in the '352 application provides a 
new formulation for the delivery of fenretinide that yields positive results including 
improved patient compliance, increased plasma concentrations and improved clinical 
success. The formulation described in the '352 application represents a new treatment for a 
childhood cancer that was difficult to treat. 
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7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 
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CURRICULUM VITAE 



PERSONAL INFORMATION 



Name in Full: 
Business Address: 

Business Phone: 
Home Address: 

Home Phone: 
Place of Birth: 
Citizenship: 
E-Mail Address: 



Barry James Maurer, M.D., Ph.D. 

Texas Tech Health Sciences Center, STOP 6540, Room 

5B109, 3601 4 th St., Lubbock TX 79430 

(806) 743-2705 

PO Box 66 

Idalou, TX 

(806) 328-5298 

Detroit, MI 

USA 

barry . maurer@ttuhsc . edu 



EDUCATION 
High School: 
College or University: 
Graduate School: 

Medical School: 

Internship: 

Residency: 

Clinical Fellowship: 

Research Fellowship: 



Notre Dame H.S., Harper Woods ML 1976 

University of Michigan, Ann Arbor ML B.S., B.S.E., 1980 

California Inst, of Technology, Pasadena CA, Ph.D. 1990 
(Leave of Absence 1 986 -1990) 

Wayne State University, Detroit ML M.D., 1990 

Children's Hospital of Michigan, Detroit Ml, PGY L 1991 

LAC/USC Pediatric Pavilion, Los Angeles CA, PGY 2&3 
Pediatrics, 1991-1993 

Pediatric Oncology Fellow, Fred Hutchinson Cancer 
Research Cente^'Seattle WA, 1993 -1997 

Childrens Hospital Los Angeles Research Institute, 
Los Angeles CA, 1997-2000 



Honors and Awards: 



19744978 National Merit Scholarship. 



1980-1986 NIH NRSA Predoctoral Traineeship. 

1987 Fellow, Summer Science Research Program for 
Medical. Students March of Dimes Birth 
Defects Foundation. 

1990 M.D. (Distinction in Biomedical Research). 

2004 Eurand Award Grand Prize, Novel Approaches 
in Oral Drug Delivery; Controlled Release 
Society, 31 st Annual Meeting 2004: For novel 
LXS oral fenretinide formulation. 



Licensure: 



Board Certification: 



-California, Licensed Physician (G73799), 1992 ~ present 
- Washington, Licensed Physician (MD00030743), 1993-97 

Am Board of Pediatrics, General Pediatrics (1993-2000). 
Am Board of Pediatrics, Hematology /Oncology (1998- 
2013). 



PROFESSIONAL BACKGROUND 

ACADEMIC APPOINTMENTS : 

2000 - 2007 Assistant Professor of Pediatrics and Cell & Neurobiology, Keck 
School of Medicine, The University of Southern California. 

2007 - 2008 Associate Professor of Pediatrics, Keck School of Medicine, The 

University of Southern California. 

2008 - Associate Professor of Cell Biology, Pediatrics, and Internal 

Medicine, Texas Tech University Health Sciences Center, 
Lubbock , TX 

CLINICAL APPOINTMENTS : 

1 998 - 2008 Attending Physician, Hematology/Oncology, Childrens Hospital of 
Los Angeles, Medical Staff Privileges. 



1997 - present Oncall Physician, Pediatric Hematology/Oncology, Medical Staff 
Privileges, City of Hope National Medical Center. 



TEACHING RESPONSIBILITIES: 



FORMAL INSTRUCTION/COURSES 

• i 998 - 2008 CHLA Pediatric Resident Teaching Rounds. Ward Attending. 

• 2001 - 2008 CHLA Heme/Oncology Fellow Educational Series, Lecturer. 

Core Topics : "Topics in Apoptosis"; "Strengths -Weaknesses of 
Animal Models in Cancer Developmental Therapeutics" 

• 200 1 - 2008 CHLA Summer Medical Student Program, Lecturer. 

Core Topics : "Developmental Therapeutics of Pediatric Cancer" 

• 2001 - 2004, 2006 Heme/Oncology Journal Club, Presenter and Participant 

Core Topics : "Analyzing the Scientific Report - Examples" 

ACADEMIC INSTRUCTIONAL PRESENTATIONS 

• University of Southern California/Norris Comprehensive Cancer Center, Los 
Angeles, C A; Cancer Center Grand Rounds - "Potential for Fenretinide-based 
Chemotherapy," 9/20/00. 

• University of Southern California/Norris Comprehensive Cancer Center, Los 
Angeles, Cancer Center Grand Rounds - "Clinical Potential of Ceramidc 
Modulation: Laboratory and Translational Investigations." 09/23/03. 

• CHLA Pediatric Grand Rounds - "Developmental Therapeutic Opportunities in 
Pediatrics" 3/25/05 

• USC Cancer Center Grand Rounds, USC/Norris Comprehensive Cancer Center 
Seminar Series. "Progress update: sphingolipid modulation as chemotherapy " 
2/14/06. 

• USC-Caltech MD/PhD Seminar Series 9/25/06 

"Developmental Therapeutics of Novel, Ceramide-Basaed Chemotherapies" 

© Hematology Grand Rounds, University of Southern California/Norris 

Comprehensive Cancer Center, Los Angeles. "Phase I. Trial of Fenretinide as 
Ceramidc Modulator in Adult Leukemia/Lymphoma." 1 21 1 5/06. 

• TTUHSC Department of Internal Medicine, Division of Biomedical Research 
Seminar. "Sphingolipid Modulation as a Novel Chemotherapeutic Approach to 
Anticancer Therapy," 1 1/25/08. 



ACADEMIC MENTORSHIP 



2000 - 200 1 Medical Student Research Mentor 

Peter H. O'Ponnell, MP . Howard Hughes Medical School 
Student Scholar Program. Currently: Clinical Fellow. 
Hematology/Oncology, Dept of Medicine, University of Chicago, 
2006 - present. 

2000 - 2003 Clinical Fellow Mentor 

Sandeep Batra, MP. 

Asst Prof., Hematology-Oncoiogy, Childrens Memorial 
Hospital Feinberg School of Medicine, Northwestern University, 
Chicago, 1L 2003-2005. Currently: Staff, Avera St. Lukes 
Hospital, Aberdeen, SO 2005-present 

200 1 - 2003 Research Fellow Mentor 

Wei-Xing Quo. MP. PhD . 

Currently: Research Assistant Member, Free Radical Biology & 
Aging Research Program, Oklahoma Medical Research 
Foundation, Oklahoma City, OK 2003-present 



c 2003 - 2008 Research Scholar Mentor 
Hon gtao Wang. MP. PhD. 



• 2004 - 2007 Research Scholar Mentor 
Jun Wu. PhD ., 

Currently: Assistant Research Scientist 
Department of Clinical and Molecular Pharmacology 
C ity of Hope Beckman Research Institute 
Manager, Animal Tumor Model Core Facility 
City of Hope Comprehensive Cancer Center 
Duarte, CA 2007 - present 



• 2005 - 2008 Graduate Student Supervisor/Thesis Advisor 

Yue "Alan" Zhang , 

• 2005 - 2008 Dissertation Thesis Committee, Member 

Michael Hadiidaniel , 

© 2005 Summer Oncology Medical Student Mentor 

Carovln Girgis , B.S. 



• 2006 - 2008 Clinical Fellow Research Guidance Committee, Member 
John Van Doornmck, MP. 

CHLA Heme One Clinical Fellow, 2005 - present. 



• 2007 - 2008 Clinical Fellow Research Guidance Committee. Member 

Tan ja Gruher. MP. PhD- 

CHI. A Heme/One Clinical Fellow, 2006 - 2008. 

• 2008 - MD/PhD Graduate Student Supervisor/Thesis Advisor TTUHSC 

Michael Holliday 

• 2008- MD/PhD Dissertation Thesis Committee, TTUHSC 

Jason Cooper 

COMMUNITY SERVICE INSTRUCTION 

• 2001 Wright Foundation Annual Meeting, University of Southern 

California, Los Angeles, CA; "Potential of Novel Retinoid 
Anticancer Drug Combinations," 5/21/01 . 

© 2001 2003 StopCancer Foundation, Los Angeles, CA Guest Speaker and 

Panelist, Invited Dinner Guest, "Fenretinide in Childhood 
Cancer," 

• 2001 - 2005 Neil. Bogart/Martell Foundation, Fund-Raising Luncheon, Guest 

Speaker and Panelist, Laboratory Tour Proctor. 

® 200 1 - present Tyler's Team Leukemia Fund, San Marino High School, Annual 
Fund Raising Dinner, Guest Speaker, "Advances in ALL 
Leukemia" 

• 2008 American Cancer Society - CBB Department Symposium on 

New Drag Development for Cancer, 1. 1/1 8/2008. 

• 2009 The Lubbock CEO Round Table - "The New TTUHSC Cancer 

Center and New Drug Testing" 01/17/09. 

SPECIFIC ADMINISTRATIVE RESPONSIBILITIES (COMMITTEES) 

200 1 - 2008 Childrens Hospital Los Angeles Institutional Animal Care and Use 
Committee (IACUC), Member. 

2001 - 2008 Childrens Hospital Los Angeles Intellectual Properties Committee 
(IPC), Member. 

200 1 - 2007 Childrens Hospital Los Angeles Summer Medical Student Program 
Reviewer, Lecturer, and Laboratory Research Supervisor. 

2006 - 2008 USC, CHLA, and City of Hope 



Clinical and Translational Science Award (CTSA) Task Force Two 
Basic and Preclinical Working Group, Member. 

2007 - 2008 CHLA Hematology/Oncology Fellow Research Guidance 

Committee 

2008 - TTUHSC Cell and Molecular Biology Graduate Program 

Committee 



SPECIFIC ADMINISTRATIVE RESPONSIBILITIES (OTHER) 



2004 - 2008 



Supervisor, Animal Core, USC-CHLA Institute for Pediatric 
Clinical Research (IPCR). 



PROFESSIONAL SERVICE 

NATIONAL/CONSORTIUM COMMITTEE SERVICE 



2001 - 2006 National Children's Oncology Group (COG) 

Second ALL Relapse Taskforce Lab Investigator - Biotherapy. 

2002 - present National Children's Oncology Group (COG) 

Member, Subcommittee, Neuroblastoma Developmental 
Therapeutics. 

2002 - 2006 National Children's Oncology Group (COG) 

Member. Subcommittee, Developmental Therapeutics Protocol 
Development. 

2005 2008 Therapeutic Advances in Childhood Leukemia (TA.CL) 

Consortium, Scientific Review Committee (SRC), Member. 

2008 - present National Children's Oncology Group (COG) 

Member, Subcommittee, Neuroblastoma Maintenance Therapy 



INSTITUTIONAL COMMITTEE SERVICE 

2001 - 2008 Childrens Hospital Los Angeles Institutional Animal Care and Use 
Committee (IACUC), Member. 

2001 - 2008 Childrens Hospital Los Angeles Intellectual Properties Committee 
(IPC), Member. 

200 1 - 2008 Childrens Hospital Los Angeles Summer Medical Student Program 

Reviewer, Lecturer, and Laboratory Research Supervisor. 

2004 - 2008 USC/Norris Cancer Center Leadership Council Associate Member 

2006 - 2008 USC Keck School of Medicine, Childrens Hospital Los Angeles, 
and City of Hope National Medical Center, NIH Clinical and 
Translational Science Award (CTSA) Task Force Two, Basic and 
Preclinical Working Group, Member. 

2008 - Member, TTUHSC Cell and Molecular Biology Graduate Program 

Committee. 

2008 - Member, TTUHSC Cancer Center Program Committee. 



OTHER EMPLOYMENT OR INSTITUTIONAL ACTIVITY 



2003 - 2004 USC/Norris Comprehensive Cancer Center, Associate Member 

2004 - 2008 USC/Norris Comprehensive Cancer Center, Member 

2004 ■- 2008 Member. USC/Norris Comprehensive Cancer Center 

Developmental Therapeutics and Clinical Trials Program 

2004 - 2008 Member, USC-CHLA Institute for Pediatric Clinical Research 

2()08 - Member. TTUHSC Department of Internal Medicine, Division of 

Biomedical Research 

D. SOCIETY M EMBERSHIPS 



American Association for Cancer Research #73 1 1.9 



• International Society of Paediatric Oncology 

• NCI -sponsored, National Children's Oncology Group (COG) 



E. 



CQNSLi LTANTSHIPS : 



GRANT REVIEWS 



2005 



NIH/NCI P01 "Leukemogenesis Cluster" LKM-FLX grant 
cycle 1/2005, Adhoc Reviewer. 



2006 



Israel Science Foundation (ISF), Reviewer. 



2007 



NIH/NCI POI Program - Clinical Studies Special 
Emphasis Review Panel, grant cycle 1/2007, Reviewer. 
INVITED-excused for Conflict of Interest 



2007 



NIH NCI Oncological Sciences Integrated Review Group 
ZRG 1 ONC-L(IO) 

Cancer Drag Development and Therapeutics I 
SBIR/STTR Study Section, Reviewer. 



2007 - present NIH NCI Oncological. Sciences Integrated Review Group 
Developmental Therapeutics (DT) Study Section, 
Reviewer. 



2008 N1H Special Emphasis Panel Special Topics in Biological 

Sciences, ZRG1 BCMB-B (90) 
Ad hoc Reviewer. 

?QQ8 NIH NIGMS K99/R00 Special Emphasis Panel 

ZGM1-BRT-9(KR),NIGMS-201570 
Ad hoc Reviewer. 

2008 SPARS AIBS FY2008 Department of Defense (DoD) 

USAMRMC CDMRP PRMRP - Blood Cancer 
Reviewer. 



2001 - present REVIEWER FOR JOURNALS 

© J ournal of the Nat ional Cancer Institute 

© Cancer Research 

• Clinical Cancer Research 

• Oncogene 

• International Journal of Cancer 

• Cancer Chemotherapy and Pharmacology 

• Journal of Cellular Physiology 

• Free Radical Biology & Medicine 
© Molecular Cancer Therapeutics 



F. RESEARCH ACTIV1TES 



MAJOR AREAS OF RESEARCH INTEREST 

1 . Molecular Pharmacodynamics and Developmental Therapeutics of Cytotoxic Retinoids 
and Modulators of Ceramide Metabolism as Novel Chemotherapy Therapeutic Approach 
in Pediatric and Adult Malignancies. 

2 . Molecular Characterization and Regulation of Dihydroceramide/Ceramide Cytotoxicity 
in Pediatric Neuroblastoma and ALL Leukemia Cell Lines. 

3 . Development of Pediatric ALL Leukemia Xenograft Models for New Agent Response 
and Phannacokinetic/Pharmacodynamic Testing. 
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LYM-X-SORB™/Drug Complex 



The following compounds have been shown to be compatible with the LYM-X-SORB™ matrix. 

• Fenretinamide • McN-5703 9 Pramoxine 

. insulin • Capsaicin • Buprenorphine 

• Histrelin • Diltiazen 8 Progesterone 

. B Estradiol 9 Renin inhibitors 0 Cyclosporin A 

• Nifedipin analogues • Hydrocortisone • Metronidazole 

• Hydrochlorothiazide * Cromolyn • Gentamicin 




LYM-X-SGRB™ (LXS™) is composed of GRAS listed lipids accepted by FDA. 

Lysophosphatidylcholine (LPC) 
« Monoglyceride (MG) 
• Free fatty acid (FA) 

| Optimal range of molar ratios is 1:4:2 to 1:2:4, LPC:MG:FA. 
\ Molecular organization of LPC: MG: FA (1:4:2) as a monomark structure 
is described on Page 2. 



Eutectic organization demonstrates a single melting point which is lower than the 

melting points of the individual components. 
LXS™ adopts lamellar structural organization at approximately zero water content 
(See Page 5). 

ji LXS™ adopts purely hexagonal arrangement as water content approaches and 
exceeds 8 moles of water per mole of LXS™ (See Page 5). 
The LXS™ matrix can be a liquid or solid at room temperature by varying 
the unsaturation of the fatty acids. 



- • 



LXS™ has a low surface tension (25 dynes/cm). 

LXS™ is stable in physiological concentrations of sodium bicarbonate and bile salt 

(sodium taurocholate) present in thejntestines. 
LXS™ forms small particles in physiological solutions (intestinal) [70nm to <10nm]. 
I Viscosity of LXS™ increases as the water content increases. 



LYM-X-SORB™ 
History 



bR BoMolecular Products, inc. 



David W, Yesair, Ph.D., former vice president of Arthur D. Little, Inc., founded 
BioMolecular Products, Inc., in 1984 to exploit lipid technology in both nutrition and 
drug delivery. He has invented, patented and licensed the LYM-X-SORB™ technology 
for such purposes. Dr. Yesair has formed LYM-MED Nutritional Products, LLC, for the 
purpose of delivering nutritionals to cystic fibrosis patients. This is now the subject of a 
license to an international pharmaceutical company. 



Avanti Polar Lipids, Inc., founded in 1969 by Walter A. Shaw, Ph.D., has been 
manufacturing high purity lipids for over three decades. Avanti works closely with 
pharmaceutical and diagnostic partners to supply lipids meeting the stringent regulatory 
and purity requirements of a clinical product. Avanti manufactures lipids for numerous 
pharmaceutical and diagnostic products and currently supports more Drug Master Files 
than any other lipid supplier. Avanti's knowledgeable staff of chemists and biophysicists 
works with clients to provide information on formulation and lipid physical properties. - 
Over the past 30 years, Avanti personnel have gained considerable insight and knowledge 
in the use of lipids as drug delivery vehicles. 
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Dr. David W. Yesair of BioMoleetilar Products, Inc., and Br, Walter A* Shaw of Avanti 
Polar Lipids, Inc., have developed a strong working relationship over the past two 
decades. They have formed LYM-DRUG PRODUCTS, LLC, in order to explore LYM- 
X-SORB™ as a revolution in oral drug delivery. This brochure provides an introduction 
to the LYM-X-SORB™ compatibility and enhanced oral bioavailability of dregs, its 
unique molecular and structural organization, its safety, and its proprietary position. 



Contact lis today to discuss, how the LYM-X-SORB™ 
technology can improve your drug delivery. 
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Effect of an organized lipid matrix on lipid 
absorption and clinical outcomes in patients 
with cystic fibrosis 

Guy Lepage, PhD, David W. Yejair, PhD, Nancy Ronco, RT, JoJee Champagne, RT, 
Nathalie Bureau, BScN, Sybatn Chemtob, MB, PhD, Denu Berube, MB, and Claude C. Roy, 



Objectives: To compare the absorption of a ^©phosphatidylcholine, mono- 
glyceride, and Fatty acid matrix (organized lipid matrix, OLM) with that of a 
triacylglycerol (TG)-based fat meal in patients with cystic fibrosis (CF). 
Study design: Five adolescents with CF and 3 control patients were given 
fat meals supplemented with retinyl palmitate of either OLM or TG at a 
2-week interval. In a clinical trial 75 patients with CF were randomly as- 
signed to nutritional supplements containing either OLM or TG for a 1-year 
double-blind trial followed by a 6-month observation period. 
Results: The peak increases and areas under the curve for TG and retinyl 
palmitate after the fat meal were 10-fold higher after OLM. than after the TG 
fat load and did not differ from values obtained in control patients. OLM led 
to better clinical outcomes in terms of energy intake from the diet, weight-for- 
age Z score, essential fatty acid status, vitamin E, and retinoi binding protein. 
Height-for-age Z score and FEVj only reached statistical significance at the 
end of the 6-month observation period. 

Conclusions: These results suggest that OLM is a readily absorbable source 
of fat and energy in CF and is an effective nutritional supplement. (J Pediatr 
2002; 141:1 78-85) ____ 



Nutritional support is viewed as an inte- 
gral part of the multidisciplinary cystic 
fibrosis (CF) care programs to prevent 
and correct growth failure and malnutri- 
tion known to be associated with an un- 



favorable prognosis. 1 A negative energy 
balance is central to the development ol 
malnutrition in CF, and a low fat intake 
has been related to increased mortality 
rates. 2 However, it is clear that interven- 



tions must go beyond correction ol the 
energy balance because CF is associated 
with specific nutrient deficits such as fat- 
soluble vitamins 5 and essential fatty 
acids (EFA).- 4 The incidence of EFA de- 



See editorial, p 1 57, 

ficiency in CF is high. 4 Although poorly 
- - I 45 
correlated with nutritional status, ' 

EFA deficiency has been associated with 
impaired growth 6 and hepatobiliary dis- 
ease'' as well as with increased vulnera- 
bility to lung infections. 8 



AUC 


Area under the curve 


ANOVA 


Analysis of variance 
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The aim of the studies reported here 
was to explore the absorption after a fat 
meal of an organized lipid matrix 
(OLM) made up of lipolytic products 
and to investigate its efficacy as the lipid 
component of a nutritional supplement 
during a 1-year, double-blind clinical 
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Fig L Absorption of the two liquid meals Mean (± SEM) AUC for bothTG and RP after OLM and 
TG-based formula fat load in 5 adolescents with CF (block columns) and 3 adult control patents 
(white columns). Data were analyzed by ANOVA. 



trial followed by a 6-month observation 
period. 

Methods 

Composition and Preparation of 
OLM 

The OLM (LYM-X-SORB, BioMol- 
ecular Products, Inc. Byfield, Mass) is 
made up of the biliary and dietary prod- 
ucts of lipolysis, namely, lysophos- 
phatidylcholine (LPC), monoglycerides 
(MGs), and fatty acid (FA) in a 1:4:2 
molar ratio. LPC was enzymatically de- 
rived from phosphatidylcholine (Amer- 
ican Lecithin Co, Oxford, Conn) 
through the use of phospholipase A 2 
(Novo Nordisk Bioch NA Inc. 
Franklinton, NC). MGs and FAs were 
purchased from Danisco Ingredients, 
Inc. New Century, Kan, and from 
Henkel Corporation Emory Group, 
Cincinnati, Ohio, respectively. The 
OLM preparation used for the fat load 
was prepared by BioMolecular Prod- 
ucts, Inc.; the one used for the clinical 
trial was the responsibility of Central 
Soya, Co, Inc, Fort Wayne, Indiana, 
but there was no difference between the 
two OLM preparations. The wafer 
cookies were confected by F and F Lab- 
oratories, Inc, Chicago, 111. 

In molar ratios of LPC/MG/FA vary- 
ing from 1:4:2 to 1:2:4, the OLM yields 
a single melting point (64.6°C), which 
is lower than those of its individual 
components (88°C and 120°C for LPC, 
69.6°C for MG, and 66.9°C for FA). 9 
The molecular organization of this 
structured eutectic matrix is the result 
of the interaction of MGs with the acyl 
end of LPC while the negatively 
charged carboxyl group of the FAs in- 
teract with the negatively charged moi- 
ety of LPC. The critical micellar 
concentration of the OLM is 0.1 mmol, 
an order of magnitude less than the crit- 
ical micellar concentration of bile salts. 9 

Absorption of a Liquid OLM 
Meal 

Five adolescents with CF, 12 to 16 
years of age, and 3 adult control pa- 



tients were admitted to the Clinical Re- 
search Unit at Ste- Justine Hospital in 
Montreal. They were given a fat load of 
29 g/m 2 of the OLM in the form of a 
sweetened and orange-flavored emul- 
sion preceded, or followed 2 weeks 
later, by a conventional triacylglycerol 
(TG)-based nutritional supplement 
(Scandishake Scandipharm, Birming- 
ham, Ala). The two isocaloric liquid 
meals given in conjunction with a 
retlnyl palmitate (RP) capsule (48,000 
IU/m 2 , Roche, Montreal, Quebec, 
Canada) differed in terms of the fat, 
content, and composition. RP was 
added to measure the effect of the 
OLM on the absorption of lipid-soluble 
vitamins. The OLM liquid meal provid- 
ed 854 |imol/g% of FAs versus 511 
4 Umol/g% for Scandishake. A substan- 
tial proportion of fat energy in Scan- 
dishake was provided by medium-chain 
TG (15.1%) and monounsaturates 
(32.4%), whereas polyunsaturates were 
higher in OLM (55.8%) than in Scan- 
dishake (19.4%). No pancreatic en- 
zyme supplements were taken with the 
two fat meals to test the hypothesis that 
the OLM does not need pancreatic en- 
zymes to be absorbed and may con- 
tribute a good form of energy and fat in 
patients who respond poorly to pancre- 
atic enzymes. 10 



Blood samples were obtained from 
a small forearm-indwelling venous 
catheter at times 0, 2, 4, 6, 8, 10, and 12 
hours. Plasma TG levels were deter- 
mined by an enzymatic kit 1 1 and RP by 
high-performance liquid chromatogra- 
phy." The peak plasma increases 
(Cmax) and the areas under the curve 
(AUC) over baseline values were plot- 
ted for TG and RP. 

Clinical Trial With OLM 

SUBJECTS. Over a period of 3 months, 
78 children and adolescents with CF, 6 
to 17 years of age (mean ± SEM, 1 1.7 ± 
0.4 years) from the CF Clinic at Ste- 
Justine Hospital were invited to take 
part in a 1-year, randomized, double- 
blind, controlled trial with either OLM 
or TG as the lipid component of nutri- 
tional supplements. It was followed by 
a 6-month observation period to docu- 
ment whether any change in the EFA 
and in the clinical status could be sus- 
tained after termination of the trial. 
Seventy-three subjects agreed to partic- 
ipate (38 boys and 35 girls). Genotyp- 
ing of this population revealed that 
63.5% were homozygous and 25.8% 
were heterozygous for AF 508. All pa- 
tients had biochemical evidence of EFA 
deficiency as evidenced by a plasma 
phospholipid 20:3n-9/20:4n-6 ratio of 
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Table L Pretreatment characteristics of the two groups of patients who compieted 
the study and of those who withdrew and who were noncomplianf 



Boys/girls 
Age (y) 

Height- for-age Z score 
Weight-for-age Z score 



FEV L (% predicted) 
18:2n-6(%)* 
20:3n-9/20:4n~6 * 



OLM group 


TG group 


P^ti^nt^ lost 




(n = 26) 


.(n = 25) 


9/13 


12/14 


17/8 


11.1 ±0.8 


11.8 ±0.6 


12.1 ±0.7 


-0.66 ± 0.20 


-0.85 ± 0.20 


-0.70 ±0.18 


-0.60 ±0.16 


-0.57 ±0.19 


-0.45 ±0.19 


-0.32 ± 0.20 


-0.59 ±0.17 


-0.40 ±0.15 


76.9 ± 2.6 


84.7 ± 3.3 


79.3 ±4.1 


17.9 ± 0.4 


16.7 ± 0.5 


17.2 ±0.6 


0.041 ±0.004 


0.037 ± 0.003 


0.043 ± 0.005 



There were no significant differences between the 3 groups for the variable shown (ANOVA) . 
"Mean ± SEM. 

"^Forced expiratory/ volume in 1 second. 
^Plasma phospholipid. 



>0.035 (>4 SD over the control mean), 
a moderate degree of malnutrition, 
and/or growth failure (percent ideal 
weight for height) as well as decreased 
FEVj values (80.1 ± 2.4). Eight 
were receiving ursodeoxycholic acid 
(UDCA) (15 mg/kg per day) for hepa- 
tobiliary disease. Excluded from the 
trial were children with an FEVj <40 
(percent predicted). Twenty children 5 
to 17 years of age who had blood ob- 
tained for orthopedic conditions provid- 
ed laboratory control values. Written 
informed consent was obtained from 
patients and/or from their parents after 
approval of the protocol the Ethics 
Review Board of Ste- Justine Hospital. 

Treatment Protocol. The OLM 

and TG nutritional supplements were 
provided in the form of flavored 
isocaloric cookies (189 kj or 45 kcal vs 
202 kJ or 48 kcal/cookie, respectively) 
containing 5.2 g versus 5.8 g/cookie of 
carbohydrates, respectively, and 2.4 g 
of FAs. Polyunsaturated fatty acids 
(PUFAs) made up 50% of the FAs and 
consisted of a 5: 1 mixture of n-6 and n- 
3. Packaged in air-tight wrappings, the 
cookies were kept at room temperature 
and were shown to be both physically 
and biochemically stable. The number 
to be ingested daily was calculated as a 
function of body surface area (BSA) (8 
cookies/1.72 m 2 BSA). Patients were 



instructed to take their usual daily close 
of pancreatic enzyme supplements with 
meals and the prescribed nutritional 
supplements. In view of the fact that an 
increased intake of PUFAs could en- 
hance lipid peroxidation, all patients 
were asked to continue taking 400 units 
of a-tocopherol daily and to add 10,000 
units of (3-carotene daily (Pharmetics, 
Ltd, Montreal, Quebec, Canada). 

Each patient was seen every 3 months 
by a CF clinic physician as well as by 
one of the two research nurses respon- 
sible for the trial. Weekly diaries kept 
by patients and their families were re- 
viewed, and unused cookies were re- 
turned. Height and weight Z scores 
were recorded. At time 0, 6, 12, and 18 
months, a 3-day diary of energy intake 
was recorded. At baseline, every 3 
months during the 1 year trial, and 
twice during the 6-month observation 
period, blood counts, routine chemis- 
tries along with FA profiles, 4 vitamins 
A, E, and (3-carotene, 12 and retinol- 
binding protein (RBP) were de- 
termined. 13 Vitamin D, 14 plasma 
prothrombin in vitamin K absence 
(PIVKA), 15 and eicosanoids PGE 2 , 6- 
keto-PGF 1(X and thromboxane (TX) 
B 9 16 were obtained before and at the end 
of the trial. Pulmonary function testing 
was performed every 3 months, and the 
best of two reproducible FEVj values 
was recorded. Intravenous antibiotic 



days either at home or in the hospital 
were noted during the year before the 
trial as well as during and after the trial. 

End Points and Sample Size. Our a 

priori hypothesis and the primary end 
point of the trial was that the OLM, as 
a more readily absorbable source of en- 
ergy and PUFA than the usual TG- 
based nutritional supplements, would 
improve EFA deficiency. The sec- 
ondary end points included improved 
nutritional status and growth as well as 
a reduced decline of FEV,. We estimat- 
ed that a sample size of 78 participants 
would be required to achieve 80% sta- 
tistical power, with a 2-sided 5% level of 
statistical significance, assuming incom- 
plete data were predicted to reach 30%. 
The analysis of the study was done as 
an. efficacy trial comparing patients ac- 
cording to the treatment actually re- 
ceived and including only those who 
were compliant to the protocol. 

Statistical Considerations. Homo- 
geneity of the treatment groups was as- 
certained for all baseline characteristics. 
All variables were summarized as mean 
± SEM for continuous variables and 
frequency and proportions for categoric 
variables. Paired t tests were used to as- 
sess the significance of differences in 
one treatment group. To compare the 
absolute values and the mean relative 
percent change over time between 
groups, analysis of variance (ANOVA) 
was used. 

For FEV j measurements, the slope 
(rate of decline) for each patient was es- 
timated by linear regression analysis. 
This was done separately for the year 
before treatment, during the 12 months 
of treatment and the 6-month observa- 
tion period. The means of the slopes ob- 
tained for each patient during these 3 
periods were then analyzed by means oi 
a 2-way mixed-model, repeated-mea- 
sure ANOVA with groups and time as 
factors. Preliminary test on the group X 
time interaction was performed at a nu- 
merically high significance level (a = 
0.25) to keep type 2 error (ie, accepting 
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the hypothesis of zero interaction when 
it should be rejected) relatively small, as 
suggested by Winer. 17 Then, under con- 
ditions in which group X time interac- 
tion was considered significant, the 
group slice effects were analyzed, and 
the differences between the groups 
were analyzed at each level of time. 

All statistical analyses were per- 
formed with the use of SAS release 
6.12-TS060. All tests were 2-sided, with 
an overall significance level of 5%. 

Results 

Absorption of the Two Liquid 
Meab 

In response to the liquid meals, the 
AUC over baseline for the TG and RP 
in CF were 10-fold higher after OLM 
than after the TG-based formula. The 
increase of plasma TG and RP in re- 
sponse to the OLM in CF did not differ 
from control patients (Fig 1). 

Clinical Trial 

TRIAL PROFILE. Of the 73 patients ran- 
domly assigned to the two treatments, 
6 patients withdrew (4 OLM and 2 
TG) during the first week and 1 0 more 
later during the trial because of difficul- 
ties with compliance: 8 between 3 and 
6 months (6 OLM and 2 TG) and 2 
after 9 months (2 OLM). In accor- 
dance with the protocol and belore 
breaking the randomization code, 9 
subjects (4 OLM and 5 TG) who had 
completed the 1-year trial were re- 
moved for noncompliance to >75% of 
the prescribed cookies. The pretreat- 
ment characteristics of the patients lost 
did not differ from the 22 OLM and 26 
TG who are the subject of the "per pro- 
tocol analysis" (Table I). 

Energy Intake. At baseline, the OLM 
subjects were consuming less energy 
from their diet than the TG group 
(1 14.2% ± 6.4% RDA w 134. 1% ± 7.0% 
RDA, P < .05). Using a 2-way (group 
X time), mixed-model, repeated-mea- 
sures analysis of covariance controlling 
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Fig 2. Change from baseline values ofWAZ and HAZ during I -year trial (3, 6, 9, and I 2 months) 
and the 6-month observation period ( 1 5 and ! 8 months). Data for OLM (block squares, n - 22) and 
TG patients (black tnangles.o ^ 26) were analyzed by 2-way (group x time) m,xed-modei growth 
curve analysis in which time was considered continuous, to evaluate the slope of each group ana to 
test their difference. For WAZ, the slope of the OLM was positive (0.0 1 ± 0.003, P - .00 1 ), whereas 
the slope of theTG group was negative (-0.008 ± 0.003, P = .006). Slopes for groups were different 
over time (P - .000 1 ). For HAZ, the slope was positive (0.006 ± 0.002, P = ,0005) for the OLM 
group, whereas the slope for theTG patients was not significant (0.0009 1 ± 0.002, P - .62). Slopes 
for groups were different overtime (P = .04). 



for baseline values to extract group 
simple effects, data from dietary 
records revealed that the intake of 
OLM supplements was associated with 
an increased intake of energy from 
meals at 12 months (P = .004). It was 
still manifest at the end of the 6-month 
observation period (P = .03). The per- 
centage of prescribed cookies con- 
sumed did not differ between the two 
groups (86.2 ± 1.3 vs 89.6 ± 1.0), and 
their contribution to total energy intake 
was essentially the same (8.8% ± 0.4% 
vs 9.9% ± 0.5% RDA). 

Anthropometric Data. Because pre- 
pubertal growth spurt can render inter- 
pretation difficult, the distribution of 
patients in the 6- to 1 1.9-year and in the 
12- to 18-year age categories was tested 
and found not to differ between the two 
arms of the trial (P = .68). Figure 2 
shows in the OLM group a progressive 
increase in ideal weight-for-age Z score 
(WAZ), which was significantly differ- 
ent from the slope observed in the TG 
group both at 12 months and at the end 
of the observation period. With regard 
to ideal height-for-age Z score (HAZ), 
significance was only achieved at 18 
months. 

Fatty Acid Profiles. No difference 
was observed in the total amount of 
phospholipid FAs among groups (Table 
II). Before initiation of the trial, 18:2n-6 



and 22:6n-3 were significantly lower in 
both treatment groups than in control 
patients. Although concentrations of 
20:4n-6 and 18:3n-3 did not differ from 
those in control patients, concentrations 
of 18:3n-6, 20:3n-6, 20:5n-3, and 22:5n- 
3 were statistically higher. Evidence of 
EFA deficienc3' was documented by the 
20:3n-9/20:4n-6 ratio. It was 4 SD high- 
er in both CF groups than in control pa- 
tients and decreased significantly in 
response to treatment. Furthermore, 
there was an increase of 18:2n-6 coupled 
with decreases of both 20:4n-6 and 
22:6n-3. These changes were more pro- 
nounced in the OLM subjects who, in 
contrast to the TG subjects, showed an 
increase of 18:3n-3. The plot of the 
change (%) over time of 18:2n-6 and 
18:3n-3 concentrations calculated by the 
mixed- model repeated measures analy- 
sis of covariance controlling for baseline 
values revealed that the OLM was more 
effective than the TG supplements to 
improve both 18:2n-6 (P < .02) and the 
18:3n-3 (P < -003) status (data not- 
shown). Upon discontinuation of the 
supplements, a prompt return to base- 
line values was observed in both groups. 

RBF, Fat-Soluble Vitamins, (^CARO- 
TENE, AND MDA. The levels of RBP in- 
creased in both groups. In the children 
receiving OLM, the increase (41.9% ± 
6.1%) was larger (P = .01) than in the 
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Table IL Fatty acid composition (mol 
year of treatment* 



.1%) of plasma phospholipids in control patients and in patients with CF before and after 



Fatty adds 



Control group 
(n.= 20) 



OLM group 

.(n.f.2?). 



TG group 
.Jn = 26L. 



Baseline After treatment Baseline ^LKS^KHL 



Total saturates 
Monounsaturates 
Total n-7 

Total n-9 
Polyunsaturates 

18:3n-3 

20:5n-3 

22:5n-3 

22:6n-3 

Total n-3 

18:2n-6 

18:3n-6 

20:3n-6 

20:4n-6 

Total n-6 

20:3n-9/20:4n-6 



47 .7 ± 0.4 

1.7 ±0 

11.7 ±0.2 

0.3 ± 0 

0.6 ± 0 

0.9 ± 0.1 

2.7 ± 0.1 
4.4 ± 0.2 

19.8 ± 0.5 
0.1 ± 0 

2.8 ± 0.1 
9.3 ± 0.2 

32.7 ± 0.4 
0.015 ± 0.0001 



46.6 ± 0.3 

2.1 ± 0.1* c 
13.3 ± 0.25* d 

0.3 ± 0 

1.0 ± 0.1- a 

1.1 ± o 
0.1 * c 



2.1 
4.5 
17.9 
0.2 
3.6 
8.9 
31.4 
0.041 



0.2 

0.4* d 
0 

0.1* d 

0.2 

0.4 

0.004* d 



48.6 ± 0.3 Ta 

1.9 ± 0.1 
11.9 ± 0.3 ta 

0.3 ± 0 
1.0 ± 0.1 
0.9 ± 0.1 tb 
1.7 ± 0.1 ta 
3.9 ± 0.1 ta 

19.7 ± 0.6 tb 
0.1 ± 0 
3.0 ± 0.1 ta 
7.9 ± 0.2 ta 

31.6 ± 0.6 
0.031 ± 0.004 tb 



46.8 ±0.2 



2.0 
13.4 



0.1 * c 
0.3* d 



49.6 ± 0.3 tb 

1.8 ± 0.1 tb 
11.1 ± 0.2 ta 



0.3 ± 0 

1.0 ± 0 

1.1 ± 0.1^ e 
± 0.1* c 
± 



2.1 
4.4 

16.7 
0.3 
3.7 
9.8 

31.4 
0.037 



0.1 
0.5+ d 
0 

0.2* d 

0.3 

0.5 

0.003* d 



± 0 

± 0 

± 0.1 

± 0.1 tb 

± o.v h 

± 0.5 tb 
± 0 

tb 



0.3 
0.9 
1.0 

2.0 
4.2 
17.9 
0.1 

3.4 ± 0.1 

9.3 ± 0.3 tb 

31.4 ± 0.4 

0.021 ± 0.002' 



"Mean ± SEM. 

^Significantly different from baseline (paired t test): a P < .001, b P < .01. 

-Significantly different from control patients (Dunnett test): C P < .01, d P < .001. *P < .05. 



subjects receiving TG (25.2% ± 3.0%). 
With regard to retinol, 25- OH vitamin 
D, PIVKA-II, and (3-carotene, no 
change was observed In response to 
treatment, and there was no difference 
between the two groups. In contrast, 
there was an increase (P < .05) of vita- 
min E in the children receiving OLM, 
whereas those receiving TG had no 
change. As expected, supplementation 
with EFA led to an increase of MDA 
during the trial, but there was no differ- 
ence between the two groups over time 
(data not shown). 

Pulmonary Disease. The slope of an- 
nual rate of change of FEV 1 (percent 
predicted) for each patient plotted from 
values obtained every 3 months during 
the year before the trial was not differ- 
ent in the OLM and the TG patients 
(Fig 3). In response to treatment, there 
was a trend toward a decrease of the 
annual rate of decline in the OLM 
compared with the TG group during 
the 12-month trial. Significance was 



achieved (P < .02) during the posttreat- 
ment observation period (Fig 3), as 
FEV 1 values in the patients with OLM 
improved, whereas there was a decline 
in the TG group. In the year preceding 
the trial, intravenous antibiotic da}'s ei- 
ther at home or in the hospital of the 
OLM children (4.2 ± 1.7) did not differ 
from that of the TG group (3.5 ± 1.3). 
However, during the trial, there was a 
trend (P = .11) in the OLM group for 
fewer intravenous antibiotic days (2.3 ± 
1.6) than in the TG group (8.2 ± 3.1). 

Liver Blood Tests, Lipid Profiles, 

AND ElCOSANOIDS. Liver blood tests 
(AST, ALT GGT), plasma TG, and cho- 
lesterol did not change in the 48 patients 
who completed the trial including those 
who were on ursodeoxycholic acid. Al- 
though there was no change in PGE 2 , a 
fall of PGI 2 measured as 6-keto-PGF la 
was noted, and it was more pronounced 
in the OLM OP < .001) than in the TG 
patients (P < .01). TX^ levels measured 
as TX R2 were significantly higher (P < 



.001) in both patient groups than in con- 
trol patients at baseline. They fell signifi- 
cantly (P < .05) only in the OLM group 
(data not shown). 

SIDE EFFECTS. There were no adverse 
effects directly attributable to the sup- 
plements. Monitoring of the amounts of 
pancreatic enzymes taken daily showed 
that there was no difference between 
the two groups. However, subjective re- 
porting of digestive complaints revealed 
that several children receiving TG had 
a sensation of bloating and abdominal 
distension, whereas most children re- 
ceiving OLM noted that they had a bet- 
ter appetite and that their stools were 
less malodorous, bulky and greasy. 

Discussion 

These studies show that a nutritional 
supplement with OLM as its lipid 
source has distinct advantages over one 
with TG in children and adolescents 
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with CF. In contrast to the very small 
increase of postprandial TG after a TG- 
based liquid meal, individuals with CF 
absorbed OLM as well as control pa- 
tients. A 1-year trial with the OLM- 
based nutritional supplement produced 
better clinical outcomes than a compa- 
rable TG supplement in terms of nutri- 
tional status, growth, and pulmonary 
function. 

Because OLM is made up of lipolytic 
products, it was expected to be well ab- 
sorbed by patients with pancreatic in- 
sufficiency, especially since its LPC 
component, in contrast to phospho- 
lipids, is known to foster the absorption 
of lipids 18,19 and their delivery to 
lymph. 20 The observation that RP was 
better absorbed when given in conjunc- 
tion with OLM than with the TG fat 
meal is of interest, since a higher inci- 
dence of vitamin E deficiency is report- 
ed in CF with a more severe degree of 
steatorrhea. 0 

It was legitimate to proceed with 3. per 
protocol analysis, comparing patients 
according to the treatment actually re- 
ceived and therefore including only 
those who followed the protocol prop- 
erly, since it was a comparative trial. 
Because of the age variation of the sub- 
jects, progressive nature o£ the disease, 
the wide variation in illness severity, 
and the large intrasubject and intersub- 
ject variability, it was elected to express 
outcome measures over time as the 
change in response to the two treatment 
programs. 

The contribution of the supplements 
to the total energy intake in both groups 
was modest (<10%) in comparison with 
reported nutrition supplementation 
programs, which commonly supply 
20% to 30% of total energy. 21 The ob- 
servation that throughout the trial as 
well as during the observation period, 
the OLM group consumed more ener- 
gy from their meals than before the trial 
is intriguing and deserves to be investi- 
gated, especially since the TG group ex- 
hibited the decreased energy intake 
often reported when supplements are 
given. 10,21 Weight gain is a uniform 



finding and is commonly the only bene- 
fit of nutrition intervention program. 21 
TG led only to short-term improvement 
of WAZ, whereas OLM was associated 
with a sustained and significant im- 
provement in the rate of growth for 
both weight and height. The fact that 
significance for height was only reached 
at the end of the observation period is 
consistent with the lag period between 
weight and height observed in other 
studies. 22 ' 23 

We have no data to support the possi- 
bility that OLM or one of its compo- 
nents such as LPC could be responsible 
for its impact on growth. One possible 
explanation for the LPC effect is that 
unlike dietary PL, PUFAs are not re- 
leased from LPC upon digestion, but 
rather LPC may function as an accep- 
tor system for the PUFAs of other di- 
etary constituents. LPC is known to 
enhance FA absorption and delivery to 
lymph. 20 Although fat absorption was 
not measured during the clinical trial, it 
can be surmised that it was improved in 
the OLM group in view of the results of 
the acute fat load study. 

The pattern of EFA deficiency in CF 
is unique and not a true deficiency be- 
cause normal to increased levels of 
18:3n-6, 20:3n-6, and 20:4n-6 are seen 
despite low levels of 18:2n-6. 24 This pat- 
tern, confirmed at baseline in this and in 
a previous stud}', 4 has been attributed to 
a higher rate of conversion of 18:2n-6 to 
20:4n-6 acid in CF cells expressing the 
AF 508 cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. 25 
In studies in which only 18:2n-6 is sup- 
plied, 20:4n-6 remains unchanged 26 or 
is even decreased. 21 In response to the 
supply of I8:2n-6 and 18:3n-3, both 
EFAs increased, but all of the FAs de- 
rived from their desaturation-chain 
elongation were decreased, including 
20:4n-6 and 22:6n-3, and more so in the 
OLM group. Parent PUFAs have been 
noted to inhibit the synthesis of long- 
chain PUFAs. 27 ' 28 As several authors 
have shown that increasing the energy 
intake in CF improves the EFA sta- 
tus, 29,30 it has been hypothesized that 




Fig 5. Effect of nutritional supplements on 
FEV, (as % predicted) estimated for each pa- 
tient by means of simple linear regression and 
expressed as the annual rate of change. Data 
for OLM (black squares, n = 22) andTG pa- 
tients {black circles, n - 26) were analyzed by 
means of 2-way (group X time) mixed-model 
repeated -measures AN OVA. Group X time in- 
teraction was significant at 0.25 level (P = 
.2 1 28). Therefore, tests of group simple effects 
were performed. Significant difference was 
found after treatment (P = .02). Differences be- 
fore treatment (P = .98) and during treatment 
(P = .67) were not statistically significant 



an energy deficit is the central problem 
in CF rather than malabsorption. 31 In 
this study energy deficit is unlikely to 
be the explanation lor the prompt re- 
turn of the EFA status to its baseline 
values in both the OLM and TG 
groups, especially since the energy in- 
take throughout the study was substan- 
tially greater in the former. 

The fact that vitamin E levels were 
consistently higher in the OLM than in 
the TG group suggests that it was bet- 
ter absorbed, since we could not show a 
difference in compliance nor in the plas- 
ma levels of MDA. This is consistent 
with a previous study showing that the 
presence of LPC enhances the lymphat- 
ic absorption of a- tocopherol. 02 

The metabolism of prostanoids may 
be abnormal in CF. It is reported to be 
abnormal in patients with CF and the 
result of an abnormal turnover of 
arachidonic acid in membrane phos- 
pholipids. 53 The two treatments led to a 
decrease of PGI 2 . However, TXA 2 , 
known to play a role in bronchocon- 
striction and inflammation, decreased 
only in the OLM patients who had dur- 
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ing the study a 2-fold greater decrease 
of arachidonic acid than the TG group. 

A prima^/ goal of nutrition inter- 
vention programs in CF is not only to 
prevent or correct malnutrition and 
to improve growth but also to de- 
crease the rate of progression of the 
pulmonary disease. 3 "^ 6 In the pre- 
sent study, the benefits of the OLM 
in terms of energy intake and growth 
continued bej'ond the period of nutri- 
tion intervention, and the favorable 
effect on pulmonary function only be- 
came evident during the posttreat- 
ment period. The trend in the OLM 
group for decreased pulmonary exac- 
erbations might be related to the fact 
that better nutritional status is known 
to affect not only growth but also the 
long-term health of the lungs. 1 

In contrast to the TG-based fat meal 
and nutritional supplements, the OLM 
was as completely absorbed by pa- 
tients with CF in the absence of pan- 
creatic enz3^mes as by control patients 
and led to better clinical outcomes in 
terms of nutritional status, growth, and 
pulmonary function. These results 
showing that the OLM is a readily ab- 
sorbable source of fat and energy in 
CF should be confirmed by a multicen- 
ter trial. 

The authors would like to thank Andre Cou- 
turier and Francois Hare I for their help in 
otatioticj, Mary Corey, Steve Cunnane, 
Larry La neb, anc) Ellas Ma tank for helpful 
duautjiotu, Sta/i Shapiro and Lottu Du~ 
mont for review of the manuscript, and 
Danielle St-Cyr Hunt for expert secretarial 
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Abstract Purpose: Fenretinide [A/-(4-hydroxyphenyl)retinamide (4-HPR)] is a cytotoxic retinoid that suf- 
fers from a wide interpatient variation in bioavailability when delivered orally in a corn oil capsule. 
The poor bioavailability of the capsule formulation may have limited responses in clinical trials, 
and the large capsules are not suitable for young children. To support the hypothesis that a novel 
organized lipid matrix, LYM-X-SORB, can increase the oral bioavailability of fenretinide, fenretinide 
in LYM-X-SORB matrix and in a powderized LYM-X-SORB formulation was delivered to mice. 
Experimental Design: Fenretinide was delivered orally to mice as the contents of the corn oil 
capsule, in LYM-X-SORB matrix (4-HPR/LYM-X-SORB matrix) or in a LYM-X-SORB matrix pow- 
derized with sugar and flour (4-HPR/LYM-X-SORB oral powder). Levels of 4-HPR, and its princi- 
pal metabolite, A/-(4-methoxyphenyl)retinamide, were assayed in plasma and tissues. 
Results: In a dose-responsive manner, from 12G to 360 mg/kg/d, delivery to mice of 4-HPR in 
LYM-X-SORB matrix, or as 4-HPR/LYM-X-SORB oral powder, increased 4-HPR plasma levels up 
to 4-fold (P < 0.01) and increased tissue levels up to 7-fold (P < 0.01) compared with similar 
doses of 4-HPR delivered using capsule contents. Metabolite [/V- (4-methoxyphenyl)retinamide] 
levels mirrored 4-HPR levels. Two human neuroblastoma murine xenograft models showed in- 
creased survival (P < 0.03), when treated with 4-HPR/LYM-X-SORB oral powder, confirming 
the bioactivity of the formulation. 

Conclusions: 4-HPR/LYM-X-SORB oral powder is a novel, oral drug delivery formulation, suit- 
able for pediatric use, which warrants further development for the delivery of fenretinide in the 
treatment of cancer. A phase I clinical trial in pediatric neuroblastoma is in progress. 



A synthetic retinoid made in the late 1960s, N-(4-hydroxy- 
phenyl )retinamide (4-HPR; fenretinide), has been reported to 
be cytotoxic to, or inhibit the growth of, primary tumor ceils, 
cell lines, and/or xenografts of various cancers, including those 
of neuroblastoma (1-3), colorectal (4), prostate (5, 6), breast 



Authors' Affiliations: 1 Deveiopmental Therapeutics Program, USC-CHLA Institute 
for Pediatric Clinical Research and 2 Division of Hematology-Oncology, Childrens 
Hospital Los Angeles; department of Pediatrics, Keck School of Medicine, 
University of Southern California, Los Angeles, California; 4 BioMolecular Products, 
Inc., Byfield, Massachusetts; and 5 Avanti Polar Lipids, Inc., Alabaster, Alabama 
Received 7/31/06; revised 2/3/07; accepted 3/1/07. 

Grant support: National Cancer Institute grants CA100895 (BJ. Maurer) and 
CA81403 {CP. Reynolds and BJ. Maurer); NCI Developmental Therapeutics 
Program Rapid Access to Intervention Development grant (B J. Maurer); The 
Whittier Foundation (CP. Reynolds and B.J. Maurer); The Cusumano Leukemia 
Fund of the Michael Hoefflin Foundation (BJ. Maurer); and The Tyler's Team 
Leukemia Fund (BJ. Maurer). 

The costs of publication of this article were defrayed in part by the payment of page 
charges. This article must therefore be hereby marked advertisement in accordance 
with 18 U.S.C. Section 1734 solely to indicate this fact. 

Note: Certain intellectual property rights to fenretinide/LYM-X-SORB organized 
lipid matrix formulations may be reserved by Childrens Hospital Los Angeles (Los 
Angeles, CA) and/or Bio Molecular Products, Inc. (Byfield, MA). 
Requests for reprints: Barry J. Maurer, Childrens Hospital Los Angeles, Mail Stop 
57, 4650 Sunset Boulevard, Los Angeles, CA 90027. Phone: 323-669-5663; Fax: 
323-664-9455; E-mail: bmaurer@chla.usc.edu. 

©2007 American Association for Cancer Research. 

doi:10.1158/1078-0432.CCR-06-1889 



(7, 8), ovarian (9-11), small-cell lung cancer (12), and both 
acute lymphoid and myeloid leukemias (13-15). Fenretinide 
cytotoxicity in vitro may be mediated through retinoic acid 
receptor -dependent and retinoic acid receptor- independent 
mechanisms (16), is p53 independent (12, 17- 19), and can be 
caspase independent (19). Mechanisms of fenretinide cytotox- 
icity may involve reactive oxygen species generation (19-22) 
and/or an increase in ceramide species (saturated and 
desaturated N-acyl-sphingolipids; refs. 3, 15, 22-24). 

Clinically, fenretinide has been studied in phase I, LI, 
and III chemoprevention and chemotherapeutic trials using 
both low- and high-dose schedules using an oral gelatin capsule 
containing fenretinide (100 mg) in corn oil and polysorbate 80 
[currently available through the National Cancer Institute 
(NCI)]. The systemic toxicity of fenretinide using chronic, low- 
dose schedules (generally 100-400 mg/d, obtaining < 3 u.mol/L 
plasma levels) has been minimal with the major clinical toxicity 
being reversible nyctalopia (decreased night vision) due to 
reduced plasma retinol levels (25). High-dose schedules (1,800 
mg/m 2 /d, divided into two or three daily doses, for 7 days, every 
21 days) have also been well tolerated in adults (26). In pediatric 
cancer patients, occasional cases of hepatic toxicity and non- 
dose -related pseudotumor cerebri were observed in one 
pediatric phase 1 study, which determined a maximum tolerated 
dose at 2,450 mg/m 2 /d (divided thrice daily, for 7 days, every 
21 days; ref. 27); however, no dose-limiting toxicities were 
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observed in another pediatric study using the capsule formula- 
tion at up to 4,000 mg/m 2 /d (single daily dosing, for 4 weeks, 
every 5 weeks; ref. 28). Dose escalation in this later study was 
terminated without reaching a maximum tolerated dose due to 
patient noncompliance with the number of capsules that needed 
to be consumed. However, even high-dose schedules of the 
capsule formulation have obtained relatively low micromolar 
plasma levels with a wide interpatient variation that has 
complicated interpretation of response data (26-28). Thus, 
developing improved formulations of fenretinide that obtain 
higher and/or more consistent plasma levels in a more patient- 
friendly dosing formulation could enhance 4-HPR antitumor 
activity. . 

LYM-X-SORB is an organized lipid matrix of ^phosphati- 
dylcholine, monoglyceride, and free fatty acids, specifically 
designed to improve the solubility and oral bioavailability of 
drugs by forming chylomicron- like particles in the stomach and 
enhancing drug absorption via the lymphatics in the proximal 
intestine (29, 30). The LYM-X-SORB matrix is composed of U.S. 
Food and Drug Administration Generally Regarded As Safe list 
components and has a safety and tolerance showed in a 1-year 



double blind oral feeding study in cystic fibrosis patients (31). 
We have incorporated fenretinide into a LYM-X-SORB matrix 
(4-HPR/LYM-X-SORB matrix) and formulated it as a free- 
flowing powder, with roughly the flavor of raw cookie dough, 
for direct oral administration or for mixing in foods, juices, or 
nonmilk fat -containing liquid oral nutritional supplements. 
We report here that this new formulation, fenretinide/ LYM-X- 
SORB oral powder (4-HPR/LYM-X-SORB oral powder), 
obtained significantly higher plasma and tissue levels in mice 
than did an equivalent dose of fenretinide delivered using the 
contents of the corn oil capsule. We also report that. 4-HPR/ 
LYM-X-SORB oral powder prolonged survival in two of three 
human neuroblastoma murine xenograft models. Additionally, 
it is anticipated that the powdered format of the formulation 
will be more acceptable to patients than the several dozen large 
fenretinide corn oil capsules currently required daily for an 
adult to obtain 4-HPR plasma levels >10 jtmol/L. Thus, 4-HPR/ 
LYM-X-SORB has the potential to improve the clinical 
anticancer activity of fenretinide by increasing drug systemic 
exposure, decreasing interpatient variability in absorption, and 
increasing patient compliance. 




Fig. 1. Fenretinide (4-HPR) and metabolite 
(4-MPR) levels obtained in mouse plasma 
and tissues using fenretinide were 
administered in 4-HPR/LYM-X-SORB 
(LXS) organized lipid matrix or as the 
contents of NCi corn oi! capsules. BALB/c 
mice were orally administered the extracted 
contents of NCi fenretinide capsules mixed 
in crushed mouse chow (4-HPR, 
120 mg/kg/d. n = 5, black columns) or in a 
nutritional shake (4-HPR, 250 mg/kg/d, 
n - 5, ye/low columns) or administered 
fenretinide inserted into LYM-X-SORB 
matrix (4-HPR/LYM-X-SORB molar ratio: 
0.8:1.0; LYM-X-SORB composition, 1:3:3, 
molar ratio of ^phosphatidylcholine, 
monoglyceride, and free fatty acid). 
4-HPR/LYM-X-SORB matrix was softened 
for delivery in water {n = 5), or in nutritional 
shake (n = 5), at two different doses 
(4-HPR, 120 mg/kg/d, white columns; 
4-HPR, 250 mg/kg/d, red columns). 
Animals were administered drug in two 
equal daily doses (twice daily), for nine total 
doses, and sacrificed for analysis 3 h after 
the last dose. A fenretinide (4-HPR) levels 
in plasma (jomol/L) and tissues (ng/g) were 
increased by delivery in LYM-X-SORB 
matrix compared with capsule contents: in 
plasma, 120 mg/kg/d (P < 0.01) and 
250 mg/kg/d (P < 0.01): in liver, 120 mg/kg/d 
(P < 0.01) and 250 mg/kg/d {P < 0.01); in 
lungs, 120 mg/kg/d (P < 0.02) and 
250 mg/kg/d {P = 0.02); in kidney, 
120 mg/kg/d (P = 0.14) and 250 mg/kg/d 
(P < 0.01); and in brain, 120 mg/kg/d 
(P = 0.05) and 250 mg/kg/d (P = 0.03). 
B, metabolite (4-MPR) levels in plasma 
(fimol/L) and tissues (ng/g) were increased 
by fenretinide delivery in LYM-X-SORB 
matrix compared with NCI capsule 
contents: in plasma, 120 mg/kg/d (P = 0.05) 
and 250 mg/kg/d (P < 0.01); in liver. 
120 mg/kg/d (P < 0.01) and 250 mg/kg/d 
(P < 0.01); in lungs, 120 mg/kg/d (P < 0.01) 
and 250 mg/kg/d (P < 0.03); in kidney, 
120 mg/kg/d (P < 0.04) and 250 mg/kg/d 
(P < 0.01); and in brain, 120 mg/kg/d 
(P = 0.04) and 250 mg/kg/d (P = 0.02). 
Columns, 4-HPR concentration [A ) and 
4-MPR concentration (fi); bars, SD. 



Clin Cancer Res 2007:13(10) May 15, 2007 



3080 



www.aacrjournais.org 



Novel Fenretinide Formulation Increases Delivery 



Fig. 2. Fenretinide (4-HPR) and metabolite 
(4-MPR) levels obtained in mouse plasma 
and tissues using 4-HPR administered in 
powderized 4-HPR/LYM-X-SORB matrix or 
as the contents of NCI corn oil capsules. 
Nude mice were orally administered 
fenretinide (4-HPR, 120 mg/kg/d) as the 
extracted contents of NCI fenretinide 
capsules mixed in a nutritional shake [n = 9, 
black columns) or in 4-HPR/LYM-X-SORB 
matrix (4-HPR/LYM-X-SORB molar ratio: 
0.8:1.0; LYM-X-SORB composition, 1:4:2, 
molar ratio of ^phosphatidylcholine, 
monoglyceride, and free fatty acids) that 
was powderized with flour and sugar. 
4-HPR/LYM-X-SORB oral powder (white 
columns) was slurried for delivery in water 
(n = 5) or in a nutritional shake {n = 5). 
Animals were administered drug in two 
equal daily doses (twice daily), for five total 
doses, and then sacrificed for analysts 
4 h after the last dose. All animals were 
assayed for plasma levels. For tissue levels, 
animals administered 4-HPR/LYM-X-SORB 
oral powder in nutritional shake (n - 5) were 
analyzed for comparison against animals 
administered NCI capsule contents in 
nutritional shake {n = 4). A fenretinide 
(4-HPR) levels in plasma and most tissues 
were increased by delivery in 4-HPR/ 
LYM-X-SORB oral powder compared with 
capsule contents: in plasma, liver, kidney, 
brain, and heart, all P < 0.05: in lungs, 
P = 0.09; and in spleen, P - 0.08. B, 
metabolite (4-MPR) levels in plasma and 
most tissues were increased by 4-HPR 
delivery in powderized LYM-X-SORB matrix 
compared with NCI capsule contents: in 
plasma, kidney, brain, heart, and spleen, 
P < 0.05; in liver, P < 0.08; and in lungs. 
P < 0.06. Columns, 4-HPR concentration 
(A) and 4-MPR concentration (B); 
bars, SD. 
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Materials and Methods 

Chemicals. 4-HPR (fenretinide), N-(4-methoxyphenyl)retinamide 
(4-MPR), and N-(4-ethoxyphenyl)retin amide were obtained from the 
NIH NCI. All chemicals were high-performance liquid chromatography 
(HPLC) grade and were purchased from Sigma- Aldrich Co. Matrigel 
Matrix HC was from BD Biosciences. 

Cell lines. The human neuroblastoma cell lines, SMS-KCNR, CHLA- 
140, and CHLA-90, have been described previously (32-35). SMS- 
KCNR is a p53-functional cell line established at progressive disease 
after dual-agent induction chemotherapy; CHLA-140 is a multidrug- 
resistant, p53 functional ceil line established at progressive disease after 
intensive multiagent chemotherapy that overexpresses MDR1; and 
CHLA-90 is a multidrug-resistant, p53 mutant cell line derived at 
relapse after myeloablative therapy and autologous bone marrow 
transplant that overexpresses MDR1. 6 Cell lines were maintained at 
37°C in a humidified incubator containing 95% room air + 5% C0 2 
atmosphere as described (3). 

Drugs and formulation. Clinical grade, bulk fenretinide was 
obtained from the NCI and formulated into various compositions of 
LYM-X-SORB organized lipid matrix (4-HPR/LYM-X-SORB matrix) at a 



6 N. Keshelava, personal communication. 



4-HPR/LYM-X-SORB molar ratio of 0.8:1.0 under conditions of Good 
Manufacturing Practice by Avanti Polar Lipids, Inc. (36), operating 
under license from LYM-DRUG Products, LLC, and BioMolecular 
Products, Inc. (30). Fenretinide/LYM-X-SORB oral powder (4-HPR/ 
LYM-X-SORB powder) was formulated by blending the 4-HPR/LYM-X- 
SORB matrix with sugar and wheat flour to final products that were 
either 2.2% or 3% by weight fenretinide, 16% or 22% LYM-X-SORB 
(^phosphatidylcholine, monoglycerides, and free fatty acids, 1:4:2), 
-20% sucrose, and the remainder wheat flour (37). 4-HPR capsules 
(100 mg in corn oil and polysorbate 80; NSC #374551, IND# 40294) 
were obtained from the NCI. 

Animals. Five- to six-week-old BALB/c and Harlan a thymic nude- 
Foxnl nu mice were obtained from commercial vendors. For delivery of 
fenretinide from the (corn oil) capsules currently available from the 
NCI, the contents of the capsules were expressed after puncturing 
the capsule, or extracted with a needle and syringe, into an Eppendorf 
tube, and the amount of fenretinide obtained was quantified by HPLC 
assay. The capsule contents were then vortexed and mixed with crushed 
mouse chow or SlimFast liquid nutritional supplement ("nutritional 
shake") for oral or gavage delivery. For delivery of fenretinide in 4-HPR/ 
LYM-X-SORB matrix (a hard wax at room temperature), 4-HPR/LYM-X- 
SORB matrix was compounded in crushed chow, or slurried in nutri- 
tional shake for oral syringe or gavage feeding, depending on the dose 
and volume required. For delivery of fenretinide in 4-HPR/LYM-X-SORB 
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oral powder, the powder was mixed with water or nutritional shake for 
gavage feeding. 

Cohorts of mice were administered the indicated dose of 4-HPR, on a 
divided daily schedule, for the number of doses indicated. In general, 
cohorts of five mice were used for each experimental condition or 
associated controls; the exact number of animals used for each 
experiment is listed in die figure legends. 4-HPR was well tolerated in 
all dose forms. The ability of mice to tolerate drug administration was 
assessed by daily examination of general activity and overall appearance 
and body weights at least twice weekly. Animals were sacrificed at 3 or 
4 h after the last dose by carbon dioxide narcosis, and blood and organs 
were harvested and stored at -80°C for HPLC analysis. Fenretinide- 
containing materials were wrapped in foil or kept in tinted tubes, to 
reduce exposure to light. For xenograft models, human neuroblastoma 
cell lines were established s.c. in nude mice. For passage and expansion, 
16 to 20 million cells of established tumors were mixed in Matrigel 
Matrix HC per manufacturer's directions and injected s.c. (total volume 
of 0.2 mL) above the shoulder blade. All experiments were done using 
xenografts of < passage 3 in mice. Drug treatment was begun when 
tumors measured 100 to 200 mm 3 . Animals received 4-HPR/LYM-X- 
SORB oral powder, or powderized LYM-X-SORB matrix-alone (con- 
trols), mixed in 0.2 cc nutritional shake by gavage, in divided daily 
doses, Mondays to Fridays, for up to 18 weeks. Dosing by gavage was 
used to insure consistent dosing of the animals. Tumors were measured 
using calipers twice weekly and tumor volumes were calculated as 0.5 x 
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Fig. 3. Fenretinide (4-HPR) and metabolite (4-MPR) levels obtained in mouse 
plasma and liver using 2.2% and 3% clinical grade 4-HPR/LYM-X-SORB oral 
powder. Nude mice were gavaged with 4-HPR/LYM-X-SORB oral powder 
formulated under Good Manufacturing Practice conditions. 4-HPR/LYM-X-SORB 
matrix (4-HPR/LYM-X-SORB molar ratio: 0.8:1.0; LYM-X-SORB composition, 1:4:2, 
molar ratio of ^phosphatidylcholine, monoglyceride, and free fatty acid) was 
powderized with flour and sugar to final 4-HPR concentrations of 2.2% or 3%. 
Mice received the following: 4-HPR/LYM-X-SORB oral powder (4-HPR, 
120 mg/kg/d, white columns) slurried for delivery in water (2.2% powder, n ~ 5; 
3% powder, n = 5) or in a nutritional shake (3% powder, n - 5); 4-HPR/ 
LYM-X-SORB oral powder (4-HPR, 240 mg/kg/d, gray columns) slurried for 
delivery in water (2.2% powder, n - 5; 3% powder, n = 3) or nutritional shake 
(3% powder, n = 5); or 4-HPR/LYM-X-SORB oral powder (4-HPR, 360 mg/kg/d, 
black columns) slurried for delivery in nutritional shake (3% powder, n - 5). Animals 
were administered drug in two equal daily doses (twice daily), for five total doses, 
and then sacrificed for analysis 4 h after the last dose. Both 4-HPR and 4-MPR 
levels in plasma and liver significantly increased with drug dosage: 120 versus 
240 mg/kg/d, P < 0.01; 240 versus 360 mg/kg/d, P < 0.05. For a given fenretinide 
dosage level, there was no statistical differences in 4-HPR or 4-MPR plasma or liver 
levels obtained between animals receiving the 2.2% versus 3% powder or in plasma 
levels obtained using powder slurried in water versus nutritional shake. 4-HPR and 
4-MPR liver levels trended lower in animals receiving oral powder in nutritional 
shake compared with water at 120 mg/kg/d {P < 0.04 and P < 0.01, respectively) 
but not at 240 mg/kg/d {P = 0.20 and P = 0.14, respectively). Columns, 
concentration; bars, SD. 



height x width x length (38). Animals were sacrificed by carbon 
dioxide narcosis when tumor volumes exceeded 1,500 mm" per 
Institutional Animal Care and Use Committee guidelines. Treatment 
was well tolerated. All animals were housed and treated according to 
protocols approved by the Institutional Animal Care and Use 
Committee. 

Fenretinide assay. Fenretinide (4-HPR), and its principal metabo- 
lite, 4-MPR, were quantified in plasma and tissues using a HPLC 
method as described previously (39). Briefly, the plasma samples were 
added to internal standard, and ice-cold acetonitrile was added before 
homogenate was mixed by vortex and placed in an ultrasonic bath for 
10 min. The mixture was tiien centrifuged at 10,000 x g at 4°C for 
5 min. The supernatant was transferred to an autosampler and 
injected directly into the HPLC system. Tissues were homogenized 
using a Tissue Tearor (Biospec, Inc.) with a 1:3 ratio of physiologic 
saline (0.9% NaCl, w/v). 

The HPLC used was a Waters Alliance 2690 Separation Module 
with a Waters 717 autosampler. Waters 2487 UV-Visible absorbance 
detector was set at a wavelength of 340 nm and autosampler 
temperature was set at 4°C. The column used for separation was a 
chemically bonded reversed-phase Symmetry C 18 column (3.5 jam, 
150 x 4.6 mm) with a Symmetry C 18 guard column (5 urn, 3.9 x 20 
mm). Isocratic elution with acetonitrile/water/glacial acetic acid 
(88:10:2, v/v/v) was used at a flow rate of 1.0 mL/min. Drug levels 
were calculated using the Empower Pro chromatographic data system. 
Calibration curves were prepared in methanol/acetonitrile (1:1, v/v) 
with concentrations ranging from 0.16 to 20 ug/mL depending on 
expected levels of analyte in the unknown samples. 4-HPR and 4-MPR 
were used as standards, and N-(4-ethoxyphenyl)retinamide was used 
as an internal standard. Blanks and low, middle, and high quality 
control samples were incorporated in each run. The same extraction 
procedure used for plasma and tissue samples was used for the 
calibration curves. The plasma concentration of 4-HPR and 4-MPR 
was presented in micrograms of drug per milliliter of plasma (ug/mL). 
or in micromolar per liter (umol/L). The final tissue concentrations of 
drugs were presented in micrograms of drug per gram of wet tissue 
weight (ug/g). 

Statistical analysis. The statistical significance of differences m 
means was evaluated by the Student's £ test using Microsoft Excel 2000 
software. P values were two sided. Analysis of human neuroblastoma 
murine xenograft models was by Kaplan-Meier log-rank analysis of 
survival. All tests were considered significant at P < 0.05. 

Results 

LYM-X-SORB matrix increased fenretinide levels. LYM-X- 
SORB organized lipid matrix can be formulated at various 
ratios of ^phosphatidylcholine, monoglycerides, and free 
fatty acids, to optimize incorporation of the target drug. 
Fenretinide (4-HPR) was incorporated into several hard, wax- 
like LYM-X-SORB lipid matrix (4-HPR/LYM-X-SORB matrix) 
preparations with the LYM-X-SORB matrix variously formu- 
lated with lysophosphatidylcholine/monoglycerides/free fatty 
acids ratios of 1:2:4; 1:4:2; or 1:3:3. Mice were orally dosed, 
either with these 4-HPR/LYM-X-SORB matrix formulations or 
with the expressed (expelled) contents of the currently 
available NCI fenretinide capsule (essentially a microcrystal 
slurry in corn oil). Levels of fenretinide, and its principal 
metabolite, 4-MPR, were then measured in plasma and 
tissues. 

Figure 1 shows the fenretinide plasma and tissue levels 
obtained when 4-HPR incorporated into LYM-X-SORB matrix 
(1:3:3) was administered in various vehicles at doses of 
120 and 250 mg 4-HPR/kg/d for 4.5 days compared with 
4-HPR levels obtained by the contents of NCI 4-HPR capsules. 
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Fig. 4. 4-HPR/LYM-X-SORB oral powder prolonged survival in human neuroblastoma murine xenografts Human neuroblastoma c I nes SMS-KCNR, CHLA 9a J>nd 
CHLA-140 were established as s.c. xenografts in nu/nu mice. Animals received 120 mg/kg/d, by gavage, in daily div.ded doses, 5 d a week (CHLA-140. w - 5 per cohort). , 
240 mg/kg/d by gavage in daily divided doses, 5 d a week (SMS-KCNR. n = 5 per cohort; CHLA-90, n = 6 per cohort). Control animals received Prized 
KsORB matrix-afone. Animals were sacrificed when tumors reached 1.500 mm . A CHLA-90. B, CHLA-140. C SMS-KCNR ^'7" 
CHLA-90, and CHLA-140 (/? = 16 per cohort). 4-HPR/LYM-X-SORB oral powder significantly prolonged survival in CHLA-90 and SMS-KCNR and m the combined 
survival data of the three models. Survival analysis by Kaplan-Meier log-rank test. 



Compared with NCI capsule contents, at doses of 120 mg/kg/d, 
use of the wax-like 4-HPR/LYM-X-SORB matrix approximately 
doubled plasma and tissue levels of 4-HPR; at doses 
of 250 mg kg/d, 4-HPR plasma levels increased over 3-fold 
and tissue levels up to 6-fold (Fig. 1A). In accordance with 
results reported for rats (40), 4-HPR levels in die intact brain 
were the lowest of the tissues assayed, but even in brain, the 
4-HPR/LYM-X-SORB matrix increased 4-HPR levels ~ 4-fold at 
doses of 250 mg/kg/d. 4-MPR levels in plasma and tissues 
generally mirrored 4-HPR levels, albeit at lower levels (Fig. IB). 
Results obtained with 4-HPR/LYM-X-SORB matrix formulated 
at lysophosphatidylcholine/monoglycerides/free fatty acids 
ratios of 1:2:4 and 1:4:2 at doses of 120 mg/kg/d, for 4.5 days, 
were comparable with those obtained with the 1:3:3 matrix 
(data not shown). 

As the three different LYM-X-SORB matrix lysophosphati- 
dylcholine/monoglycerides/free fatty acids ratios tested 
seemed to be approximately equivalent in increasing 4- 
HPR bioavailability, formulation development proceeded 
with a LYM-X-SORB matrix ratio of 1:4:2, as LYM-X-SORB 
matrix-alone at this ratio had previously received phase 1 
clinical testing as a nutritional supplement in cystic fibrosis 
patients (31). 



Poivderized LYM-X-SORB matrix increased fenretinide levels. 
LYM-X-SORB matrix, a hard wax at room temperature, can be 
consumed neat, or delivered in capsules. However, to 
maximize patient acceptance of the 4-HPR/LYM-X-SORB 
matrix, especially to children, and to facilitate delivery 
dirough nasogastric feeding tubes, the 4-HPR/LYM-X-SORB 
matrix (1:4:2) was "powderized" by blending the matrix oil 
with table sugar and wheat flour to a final 4-HPR 
concentration of 3% by weight. This formulation, 4-HPR/ 
LYM-X-SORB oral powder, could be delivered neat, mixed 
with applesauce, or slurried in liquid carriers for delivery. 4- 
HPR/LYM-X-SORB oral powder delivered at 120 mg 4-HPR/ 
kg/d, for 2.5 days, increased plasma levels - 3.5-fold and 
tissue levels up to 3-fold compared with capsule contents 
(Fig. 2A). 4-MPR levels generally mirrored 4-HPR levels, albeit at 
lower levels (Fig. 2B). 4-HPR/LYM-X-SORB oral powder at this 
dose increased 4-HPR plasma levels (P < 0.01) compared with 
the wax-like 4-HPR/LYM-X-SORB matrix delivered by itself 
(Fig. 1A), perhaps as a result of powderization facilitating 
absorption by reducing the particle size of the ingested LYM-X- 
SORB matrix. 

Supported by the above data, a grant was secured from the 
NCI Developmental Therapeutics Program's Rapid Access to 
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Intervention Development program for the Good Manufac- 
turing Practice (i.e., clinical grade) production of 4-HPR/ 
LYM-X-SORB oral powder to support phase I trials in 
pediatrics and adults. 4-HPR/LYM-X-SORB oral powder was 
prepared at final 4-HPR concentrations of 2.2% and 3%. Both 
preparations were free-flowing powders; whereas the 2.2% 
powder had superior dissolution properties in liquids, the 3% 
powder could be adequately slurried in liquids and had a 
consistency more amenable to direct ingestion or mixing with 
solids for ingestion. Clinical grade 4-HPR/LYM-X-SORB oral 
powders (2.2% and 3%) were administered to mice at doses 
from 120 to 360 mg/kg/d, for 2.5 days, and plasma and liver 
4-HPR and 4-MPR levels were assayed (Fig. 3]. 4-HPR levels 
in plasma and liver were increased 3- to 7-fold compared 
with 4-HPR delivered at similar doses using capsule contents 
(Figs. 1 and 2) and the levels obtained were dose responsive 
in this range. 

Fenretinide I LYM-X-SORB oral powder prolonged survival in 
neuroblastoma xenograft models. Three human neuroblasto- 
ma cell lines were established as xenografts in nude mice. 
SMS-KCNR is drug-sensitive in vitro, whereas CHLA-140 and 
CHLA-90 are multidrug-resistant in vitro (32-35). CHLA-90 
has loss of p53 function via a TP53 mutation; both CHLA- 
140 and CHLA-90 overexpress the MDR1 gene. 6 Xenografts 
received 4-HPR/LYM-X-SORB oral powder, or powderized 
LYM-X-SORB matrix-alone (controls), by gavage for up to 18 
weeks. Treatment with 4-HPR/LYM-X-SORB oral powder 
prolonged survival in two of the three xenograft models 
and for the combined data from all three models, as shown 
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Fig. 5. Body weights of mice during the initial 30 d of the experiment presented in 
Fig. 4. Weight comparisons could only be carried out for the initial 30 d (a total of 
four 5-d courses of 4-HPR/LYM-X-SORB oral powder) as mice were culled due 
to tumor burdens. Statistical differences were assessed at day 14; there was no 
significant difference (P > 0.05) in body weights for those mice treated with 4-HPR/ 
LYM-X-SORB compared with controls for mice carrying CHLA-90 and CHLA-140 
xenografts. The SMS-KCNR control mice had significantly (P = 0.035) lower 
weights than 4-HPR-treated mice due to morbidity from tumor xenograft growth. 



by Kaplan-Meier analysis (Fig. 4). This showed that 
fenretinide delivered in 4-HPR/LYM-X-SORB oral powder 
was both bioavailable and bioactive. Chronic dosing of 
4-HPR/LYM-X-SORB oral powder seemed well tolerated by 
mice; mouse body weights were not different from the 
controls (Fig. 5). 

Discussion 

To date, clinical investigations of 4-HPR (fenretinide) have 
principally focused on its oncologic use as a chemopreven- 
tion or chemotherapeutic agent, although recent preclinical 
data suggest that fenretinide may have clinical potential in 
the prevention or treatment of obesity-related type 11 diabetes 
(41, 42) and/or retinal degenerative diseases, such as age- 
related macular degeneration and Stargardt's macular degen- 
eration (43-45). Direct clinical activity observed with 
fenretinide in cancers to date has been modest, possibly 
due to the low drug levels obtained, although tumor 
responses and/or disease stability have been noted in neuro- 
blastoma (27, 46), platinum-refractory ovarian cancer (47), 
and oral leukoplakia (48). Fenretinide has been generally well 
tolerated on both low-dose and high-dose schedules with a 
reversible decrease in night vision being the most common 
side effect (25). Decreased night vision (nyctalopia), however, 
has not prevented daily fenretinide administration for up to 
5 years (49). 

One impediment to the clinical development of fenretinide 
has been its historical delivery vehicle, a large, corn oil-based 
capsule of limited bioavailability that delivers plasma levels 
with a wide interpatient variability. In one trial, the daily con- 
sumption of up to 4,000 mg/m 2 fenretinide (40 capsules/m 2 ), 
for 4 weeks of eveiy 5 weeks, resulted in mean plasma levels 
of only 12.9 umol/L (28). Patient dissatisfaction with the 
capsule formulation on high-dose schedules has been noted 
(28, 50). 

In an attempt to improve drug delivery and maximize 
tumor response, we have placed fenretinide in a novel, 
organized lipid matrix, called LYM-X-SORB, and powderized 
the 4-HPR/LYM-X-SORB matrix for delivery. As the data 
presented show, this formulation increased plasma and tissue 
levels in mice from 3- to 7-fold compared with identical 
doses delivered as the contents of fenretinide in corn oil 
capsules and prolonged survival in human neuroblastoma 
xenograft models. We observed that 4-HPR delivered in any 
form of LYM-X-SORB matrix increased 4-HPR bioavailability. 
However, working with the hard, wax-like LYM-X-SORB 
matrix produced intermouse variability in drug levels 
obtained, likely due to the technical difficulties associated 
with its consistency. Powderizing the 4-HPR/LYM-X-SORB 
matrix produced a product that was easier to deliver 
mechanically and that obtained higher drug levels with a 
lower interanimal variance. 

In the formulation ultimately developed for clinical trials, 
fenretinide/LYM-X-SORB oral powder has roughly the 
consistency of brown sugar. It is intended to be dissolved 
or slurried in nonmilk fat- containing liquids, mixed with 
foods, or consumed neat for patient delivery. It is hoped that 
this powderized format will be user-friendly to patients and 
facilitate compliance on high-dose fenretinide schedules. 
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Indeed, fenretinide/LYM-X-SORB oral powder slurried into a 
liquid nutritional supplement has been delivered via 
nasogastric tube to a cancer patient with restricted oral 
intake. 7 Powderized LYM-X-SORB organized lipid matrix (as 
described in this report, but lacking fenretinide) will also be 
tested as a dietary supplement in cystic fibrosis patients in an 
upcoming randomized, double-blinded, nutritional interven- 
tion study funded by the N1H National Institutes of 
Diabetes, Digestive and Kidney Diseases (grant 2 R44 
DK060302-02A1). 



Based on the preclinical data reported here, a phase I trial of 
fenretinide/LYM-X-SORB oral powder (NL2004-04, B. Maurer, 
Chair) in pediatric neuroblastoma patients is in progress in the 
NCI-funded, New Approaches to Neuroblastoma Therapy 
consortium 8 with the drug supplied via by a Rapid Access to 
Intervention Development grant from the NCI Developmental 
Therapeutics Program. It is anticipated that this novel 
formulation will deliver higher and/or more uniform fenreti- 
nide levels for use in future single- and combination-agent 
clinical trials in cancer and other disease states. 



7 B.J. Maurer, unpublished data. 



3 http://www.nant.org 
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Marachelian, Araz [AMarachelian@chla.usc.edu] 
Tuesday, January 06, 2009 3:03 PM 
Maurer, Barry 

RE: sources of NANT clinical trials funding to list for ASCO 



Control/Tracking Number: 09-AB-31877-ASCOAM 

Activity: Abstract Submission 

Current Date/Time: 1/6/2009 3:01:53 PM 

Phase I study of fenretinidc (4-HPR)/ Lym-X-Sorb™(LXS) oral powder in patients with recurrent or 
resistant neuroblastoma. New Approaches to Neuroblastoma Therapy (NANT) consortium trial. 



Author Block A. Marachelian . M. H. Kang, K. Hwang, J. G. Villablanca, S. Groshen, K. K. Matthay, J. 
Maris, K. B. DeSantes, C. P. Reynolds, B. J. Maurer, New Approaches to Neuroblastoma Therapy; Childrens 
Hospital Los Angeles, Los Angeles, CA; Texas Tech University Health Sciences Center, Lubbock, TX; 
University of Southern California, Los Angeles, CA; Univerisity of California, San Francisco, San Francisco, 
CA; Childrens Hospital Philadelphia, Philadelphia, PA; University of Wisconsin, Madison, WI 



Background: Fenretinide (4-HPR), a cytotoxic retinoid, achieved limited and variable plasma levels when 
tested in a corn oil-based capsule. 4HPR/LXS* oral powder is a new formulation intended to increase 
bioavailability, especially in children. 

Methods: This trial sought to define the toxicities, dose limiting toxicities (DLTs), maximum tolerated dose 
(MTD), and pharmacokinetics of 4-HPR/LXS* oral powder when given mixed in Slim-Fast nutritional 
shakes, twice a day for 7 days, every 21 days. Eligible patients had high-risk neuroblastoma with 
recurrent/progressive disease, or disease refractory or persistent after frontline therapy. Dose escalation was in 
30% increments using the traditional 3 + 3 design. Plasma levels were^ measured by HPLC. 
Results:32 patients accrued to 8 Dose Levels (DL) (352 - 2210 mg/m 2 /day); 30 patients were evaluable. No 
MTD was identified. There was a DLT elevation of alkaline phosphatase on DL1 . No other DLT's were 
observed. Other toxicities included dry skin, elevated triglycerides, reversible nyctalopia, and transient 
transaminase elevation. Course 1 Day 7 Peak 4HPR plasma levels (Dose (mg/m2/day) - mean, (range)) were: 
352 - 6 uM (3.8-9.6); 458- 1 1.5 uM (9.7-14.9); 595-17.6 uM (6-24.3); 774- 15 uM (9.1-25.3); 1006- 6.7 uM 
(5.2-9.2); 1308- 13.9 uM (2.9-23.8); 1700- 19.7 uM (17.3-24.3); and 2210- 10.8 uM (4-16.5). Course 2 Day 7 
Peak plasma levels trended higher than Course 1 at DL5-8. Three patients with isolated bone marrow disease 
and one with MIBG avid bone lesions, had complete responses (DL4, DL4, DL7, DL8) receiving 10, 17, 18 
and 10 courses of therapy, respectively. Six patients had stable disease for 4-27 courses (median 5.5) (DL3, 
DL4, DL4, DL5, DL6, DL8). 20 patients had progressive disease. Central review of responses is pending. 



4-HPR/LXS* oral powder was well tolerated, obtained 2 - 5 fold higher 4HPR plasma levels than fenretinide 
capsules on the same dose and schedule (P < 0.01), and showed anti-tumor activity (complete responses in 
4/15 patients at DL4-8). Based on pharmacokinetic data, a recommended Phase II dose and schedule is 1700 
mg/rrf/day x 7days every 3 weeks. 



Author Disclosure Information: A. Marachelian, None; M.H. Kang, None; K. Hwang, None; J.G. 
Villablanca, None; S. Groshen, None; K.K. Matthay, None; J. Maris. None; K.B. DeSantes, None; CP. 
Reynolds, None; B.J. Maurer, None. 
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